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desaturase acting on lipid-bound fatty acids, is new. The sequence of the 
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(57) Abstract 

A gene coding for a protein having the activity of desaturating the A9-position of a fatty acid bound to a lipid; 
a vector containing a polynucleotide containing the whole or part of said gene; a plant cell containing, transferred 
thereinto, a polynucleotide containing the whole or part of a gene coding for a protein having the activity of desaturating 
the A9-position of a fatty acid bound to a lipid; a process for creating a plant which comprises differentiating said 
plant cells and regenerating the plant body; and a plant containing, transferred thereinto, a polynucleotide containing 
the whole or pan of a gene coding for protein having the activity of desaturating the A9-position of a fatty acid bound 
to a lipid. 
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m m * 

*St (ETFx A 9tt^lSfP^h**t^-5) & = - K^Sitfc^ US Sifter* 

t?^* ^site^^A^n/cMfecfc^^ofptts^f-w-rs feet'* 
£ t>«&fMiMite®re*s*^ c©i!6e^. : ?a©*ais^fiK«M«j:t) *>i5^j&<-. 

K^Z&^li. StfOtJgJT"*?** - (Santaren, J.F.et al.. Biochim. Biophys. 
Acta, 687:231, 1982) 0 

tt£jft*»C©fcK:=i D XC^^TfStfe-r^o U y -^«18:2A9, 12i 

CH,(CH ! ) < CH=CHCH ! CH=CH (CH 2 )t COOH 
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-t?n-;u (PG) «^©ffifflfc*©seBa<PG©fBI£#fc:«fc<5 C £ 

(Murata.N.et al., Plant Cell Physiol. , 23:1071, 1982; Roughan, P. G. , Plant 
Physiol. ,77:740, 1985 ) „ * P G ©^?ll^^Iifti:f tt S ^ 'J t D 
-JU- 3-D yi7->;H5>^7z7-t* (J^TATase) ©SMfttel;: «fc -> 
, T&#> £tlT<^ 5Ci (Frentzen, M. et al. , Eur. J. Biochem. , 129:629, 1983; 
Murata, N. , Plant Cell Physiol. , 24:81, 1983; Frentzen, M. et al. , Plant Cell 
Physiol., 28:1195,1988) j6<3£t< ^5fe£*tT^fc 0 

/cATasestfc^^'^i-^A • lltSC il-J; £ P G ©IgfP^^M^S^T 
if. 9'<^*m£M&<0 tiSiSfc^f LT&< t-SCt^'TF^SCi^TFL*: (P 
C T#flFtbJK : PCT/JP92/00024, 1992) 0 L^U ATasettTcOffi^tpti fcff^ 
L. j^t) K#*©ATase£tt&*"e**S£5!$ rt£1£©ATase £ 

n^Lsb-p z titmv *>n-r\ ^*©ATase©^m^f?$n£^tgf£tes&^ 

l-MLTl^^ n->©^©P G©g£fD#^i^:i:te#?28%Tr£> 9 ^/<3|f4 
**«k «9 t&J 8 %'pt£^1)<, Zi-Xl-m&fa&K) %&fr-Dtz (PCT 

#fPtBSl : PCT/JP92/00024, 1992) 0 

—l&lzT'^Xl-FT'ft&tl&TisJl-hCP te£fCl6:0-ACP£l8:l-ACP 

ti 16 : 0-ACP^ 1 8 : 0-ACP©*J£-*<18 : 1 -ACP «fc ^^Cife^^S (Tor i yama, S. 
et al., Plant Cell Physiol. , 29:615, 1988) c Z © «fc -p te#-*©ATase 

{ c «fc o t fi&f p %=s- m # * £ 3t 55- j c m 'p £ -tt * c t & m m x~ & & t & % a. *> n s „ 

a«S©SI«#^*fifcLTl»^l!!l*OII&K*aBJt<!:3S^LT^S (Murata, N. et 
al.,in"The Biochemistry of Plants", Academic Press, 1987) 0 -ttz? 
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jo>A*l b>tttt^Anacystis nidulans (J8!|j& Synechococcus PCC 7942) 
.ttT?**^ (Ono, T. et al., Plant Physiol. , 67:176, 1981). 2 ofiLLAft&tt* 
Synechocystis PCC6803 ttffifiWtt"*?** C tlT^fc (Wada,H.et al. ; 

Plant Cell Physiol. , 30:971, 1989) o 

^Sg^Lytflgl»KtC-fi^«-*A-rSo fifeoTs 5 >*W16:O/16:0-*Jj:at 
18: 0/16:0- 0«SW^6<£«RM©PG, SQDG. MGDGfei[/D 
G D GCDBIJftSNCcis-S©— IIS^^iAtl. C £ ^"°J & (Murata, N. et 

al.,in "The Biochemistry of Plants", Academic Press, 1987) 0 ^^S^tiHa 
KBOTfiSftMl:** £ U, Xt7d^ ;l/-ACP (18:0-ACP) © A 9 &JC 
^A^SIM^WL. — B.16:0/16:0- (:fej;t>\ jz>-ffrlZ.ft&-$- 3 18:0/16:0-) 
Ol&jfP^^ S^&'i* P G*5«fctfS QDG^J&^nS £©flgJifiSe{::& 
LTcis-MO— I^^fAL^^itfltli^^ < *ttSAT?*So 

31 Synechocystis PCC6803 <D A 12tfc:?;fi&ftHfcB*&ja&¥'£Anacyst i s 
nidulansiC^A • fS3£$-£* C <!: tc«fc t> #3fcAnacystis nidulansfcii^^ Lt£\.^ 
16:2A9,12*5«fctfl8:2A9, \2&&M £ -fr S £ <t "HT^T* t) . M^i LT**fi 
£J&SteT& SAnacystis nidulans^igSW'&' N -£fegl'5Jfcl:"£ : £> & Z. tl 
Tl^S (Wada, H. et al. , Nature, 347:200, 1990) o 

t£$$^ Z. tit -5 ym^^tSfnjbP^CD 9 % A 6 {£ (Reddy, A. S. et 
al., Plant Mo 1 . B i o 1 . , 27 : 293, 1 993) *> J: A- 12& (Wada, H.-et 
al., Nature, 347:200, 1990)7ISfD'fk^^©ite^*<m^^nT^^>o L^U A 
9{4i:rie^#A^tiTi^i:^n(l A 6 fefc Ai2&^m.%]4tmmi*, 

^n^'tlA 6&£ A12&£^££*04fc^£ £ £(«£tt^o *Vc. A9&i:A12{4 

^it jc^fiS* p-fh $ ttT i, ^ m* A l 5ft^fi&ftrtb»* « A 1 5&ttmulkir 3 
^(^^AL^^-ti-n^ »«»tt«U::fctt4*S»#?»£**ffiT£Hi\ ^©#£ 
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$^>{c N ii&i»s©a 9ti[«:^isfD^***©aig : ?*ytH'e©- 

±mmft&m]&-f2>tzi6, Anacystis ffi fcJR-*-* 5 >m<DY J A 

^-dna *ntz'&, ? ? - d n a -?tt4Mfl&$7£KiE& 

5:ii:^L, ^^BJ^^^^ii-^lcS-o/Co t-^^-fe. #5gHJ!ti. J£(T<D* 

K^(cie^ij#-i-4 ciett$n/cTi yKBE^j^w-^* 4>o"e**(i)*ci5«©»-e 
(4) (Djb^oxo^^-rn^jciBtKcDae^xii^Me^©— «s*^tr# >j * * u 
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m 1 Mit. des 9 var »r)tj&<=»- Kt57 ; 7 S?@S?iJ i v ? XOXf T u ;U 
-C o A*fi&5Rtft»& (MS CD 2) ©7 S 7 IfeE7iJ©Jfc4fc£^-o EI4 , t?M# 

i^-©7 s ./&©«£« : > ttg«it7 ^ ym^m-sit • ^tftfifcSSL 

^2^1(i. des 9 var WiK&zf v — zf t LX^ Anacystis nidulans C^V A 

»3EI«x A 5. A 15:lS«fcU f pi5X©>r >1f- h- D N AifrCiaiMi^^tc 

L tz SB & <h * © -fS ft £ TVs -T o 
f 4ili> des 9 nidt7^XOXf7D^;V-Co A^££frMbi£^ (MS C 

D2) (dt ^ jm.w>n<D&M*7fr-$- 0 r k^mmn^itmit^imtmw^Lx 

«l©JB«g©¥*"e* So £tt^fi&^P-fl:»*sfte^«-#A L tz 9 '< n L 
tz&%k&, Gtettmt LXWl2l&&KLtz&'<zi&m.^mmLtz1&gk%:7jk1r 0 

(Kaestner, K. H. et a 1. , J. B i o 1 . Chem. , 264 : 1 4755, 1 989) N 5 v V ( 
Mihara, K. , J. Biochem. , 108: 1022, 1990) Rtfilf ( S t ukey, J. E. e t 
al., J. Biol. Chem. ,265:20144, 1990 ) 0Xf7 a <i A/- C o A^gSfEMLS^©^ 

flg®{C^L/cBgJK^©A 6 (4fcJ:C/A12{i0^i^^^^S.D ; je«^©^H 
L /cBIJftl?© co 3 <& © ^ fiHb H ^ (Yadav, N. S. et al., Plant 
Physiol.. 103:467, 1993) ©4b^il <t te£ < M LT^tt W ^JftSHafte^fc 
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totlS? >Ml*ftlzMM£tlir, ^J^.(i'AnacystisJl. Synechocyst i sJS> 

K^fit^)©t§^D^^S ; &^iafP'fI:-r'5>^i6{-(iAnacystisM (Murata.N.et al., 
Plant Cell Physiol., 33: 933, 1992 0 :©Xtt'f 9^-7 1I©7> 
1) CDA9 {4^FI&fD'fb^^O^'* < AnabaenaMS.D*SynechocystisM'CD^^cl; «2 & 

t~ Synechocystis PCC6803 iAnabaena variabi 1 isTte. ^©JKJJ^K 

©Si^i'^sn-lcbsn^tc^tL-en^^lS^lgMK (C18) 16©||g/» 
& (C16) ^ISMtl^ (Sato.N.et al. , Biochim. Biophys. Acta, 710: 
279,1982; Wada.H.et al., Plant Cell Phys i ol. , 30 : 971, 1989 ) OCMLtv 
Anacystis ni dulansT (5 £ Aj £'i)<sr\-l £ sn-2 £ iz C 16^-ijg^ L T I* -5 ( 
Bishop, D. G. et al., Plant Cell Physiol. , 27: 1593, 1986) 0 3£-oTv Anabaena 
iSynechocystisCDA 9 &.^$k%U4tW%te£.lZl8:0/\6:0-<Dft^m : &&n £ LT 
sn-l<D18:0£l8:lA 9 K^$&m4t-f £ iJgfrtlSo CtLJC^f LT 

Anacystis<DA 9 {i^t&fn^bg^liifcie^/ie^-tDrfr^M^SMi LTsn-1© 
16:0*16:1 A 9 fC^g&frMb-T £ Ste^W^ £ iJB*>tl* 0 

< ^,t>n-st&fn^?a^i6:o/i6:o-T*5 c £j^s>. iij^M^/oiSfn^^a*^ 

tSfD-fb-T £ ic teAnacys t i sI©A9 flOTfiftHtlMfc© S -5 ^Anabaenafe <fc O* 
SynechocystisMO^^«t <9 ^tfJTifc 3 Q 

/:? ^ y^eie^j^-r £ a 9 &:^ftKbsi3t*3- f-ts t©*^. i&sm^ k 
>ic:fe^T©<£-^&:oT^-c|si— y k&=j- Kf-<E> cioulifti 
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So 

\r.a«ffl^ &©£^t;fs z. i^ti s c m^fi*j{-(i> a dash ii 

(Stratagene)^f ©"7 r — : J ; pWE15 (Stratagene)^© n X S K ; pBluescript 
iKStratagene)^©? r - ! J ^ Ft SCi^-el§ 0 JiE^**— ^©^ 

u->£ii#rr£o 

?|J© — g|3 (#j>Lte\ *M H©MSCD2©7 S y&E?iJ#-!-260^&295©— «B£*g 

COi^ i: ITISI/:^ D->{cfc{j-s^f|H«jt<K?©±gS@ejiJ©^S.a* 

- h& (Maxam-Gilbert, Methods Enzymol. , 65 :499, 1980) ^M13 7 r — if&m^ 
% -j ^ .> ^ $ V^=f- K8S (Messing, J. et al. , Gene, 19:269, 1982) 3? 

i:i *)ff -5 c '<h*<T?t So 

£©;£& (J. Bacterid. , 175:6056, 1993 ) o T?t 9 CI i^T? £ So 
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#^<Z>itfe : ?*Affl / <* ^-{cm*^*> *-3r*l#l*fflBS'^AU A 

D N Aijl> #S£91it&^Xli#S& B J§*fc^©— &&^*A 9 &^3$fiHt7g'ft ; £-W 

DN Atfi&tf* — ^ *-^-*^tO^&BB9^T*a*ii**lTV^ C i^'Mlr 
^^ite^^oae^Affl^^^-o^S^tLTtiaflt 

NA^iLTti. &\?L\$^> W<D I) ^n-x- 1 , 5 - ~ U •> 5 

M«^©;tfc?2gA:£&<!: LTfcU jt3t£fcDQ;£i£> 01*. WT r-piant 
genetic transformation and gene expression; a laboratory manual", Draper, 
J.et al. eds. , Blackwell Scientific Publ ications, 1988 j ItiifccD^J&^rffl 

_ .> 3 # ij xf. u y 3 ? n -r > x * > 3 wj: ^a^tf 

D/<^T" U $ A^fflt^S^&Ktt. K^ffi^S^^ *~ 
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^(Nature, 287 (1980), p. 654; Cell, 32 (1983) p. 1033; EMBO J., 3 (1984) 

p. 1525) s T-DNA±<D&mw&a&?w& 3 stx.&zittz'<9 ?-&mm-f& 

t^lffl^^ ^-^(EMBO J., 2 (1983) P.2143; Bio/Technology, 3 (1985) p. 629)". 

i; -s^f ^-^(Bio/Technology, 1 (1983) p. 262; Nature, 303 (1983) 
p. 179; Nucl. Acids Res. , 12 (1984) p. 8711)/<£ K> , Z.tlZ><D^-?tl<D^ 

4S&MF£g#tt^fiK (^Jx.«*2 5°C) 1?*ft3£*l«B*«t*Lfca. — B^tfNC 
(0Ox.wr— «M) <£*ST 4 °C) 7?Sft#U 0»|*.l«©* 

£ Jtttf * C £ Id <fc r> #tft t? £ & o 

C jlife^I 1 ) Anabaena var iabi 1 i s© A 12{fltfSISftlfl:IM)6ai4S^ (desA) ©±SiE 

Anabaena variabilis I AM M- 3 (3SS^^«HJia^«I^WItfllrJ; »5» 
0) Sr. #jl00ml©B G -lligife ("Plant Molecular Biology", Shaw, C. H. ed. , p. 
279, IRL PRESS, 1988) ^iLfco 25°C\ 1, 0001ux©3ttfc*TF"*?«5M20@$g £ 
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ynDNA*SI!t«fc» < ^#£50ml©A?£ (50mM Tris-HCl, lmM 
EDTA, pH8. 0) \Z.mMLT$cftL, T&fo-ft1&-?Z> C £ lc£ *) ®#£*fcjK$| <b ITU 
JRL/Co ftf-. 15ml© (50mM Tr i s-HCl, 20mM EDTA, 50mM NaCl, 0. 25 M 
sucrose, pH8. 0) CiSLs B^*e^^ Lfc40mg© U V^- A (Sigma) ^r^JD^. 
37°C-e 1 tifffiMt r> Ltic Wc^dt :*---i?K£l5mg£ S DS^StT 1 
tt4 <fc 9 (-*n^.37°C-e 1 BMi . ? L/c Q -£©&> NaC10< ^r^Wk^-C 1 M ic ft a 
J: 9 JC^x.. £ £{C20ml©? o n^yl/A/^ VT 5 JUTJUzi-jls (24:1) <£-2jox_ 

5 JVTJV^-JV (24: l)(C«fc DWffitil Lfc^U ?K® fC50ml Ox ^ J -Jl&jjQ*-, 
yyADNAll!!i^7X#i:t^ftrajRL/;o CODNAM^20ml 
© A7&ic}g;o> L. NaCl£**«£T0. IMiC U $ JCRNase£-i&-/gjgT-50mg/inl (C 
tt£«fc -5 JwJq^L. 37 0 CT 1 a^- h Lfco ^JC. AifcTri&fQ L/c^S 

Anabaena variabilis ©y;ADNAMiU: 5 

&*£>teAnabaena variabilis 6^®ISbIIC|S^ L/cJ^§£frS£© A12£r.^g&fD 
4t§f Sme 1 ?© ? l/^ICO^T** (1993^B*M^^S^^^s Sfttt 

ggi. No. 3aF04) L/iBU A12&^*&a*b»*»e^©_b3JEJ;:Bffi LTt-7° 
>U-7 r ^>i7*^U-A (ORF) £<?hSEU cn*<^fiSfnlb**ifir t»^OM 

l±*<DORF1s£tfmmzM<b : $:*>-Z, *<D O R F © D N A« + © 3 Waff ©±&S 
Se^'JfcftaLT. 4*0^7^7- (IE?U#-*§- 5 ~K?iJ#-5f 8 ) ££rj& U 
Anabaena variabi 1 is©yV ADNAWt LtPCRWiofco 

r >f--t? >xfi^n- ku ie?iJ#^-6 i 7 fc^n/c^^ie^mp]— ^ y 

8tE7»Jlc:&3feLTli**o * ctr>'T >^-tr >xflS*> b*n*'nffi*i: 1 9 

Sfo©7*7^7-^3^ tt4li©7 , 7'f7-©E^^1i:TPCRWA 
of: c KfSiix 100 # 1© i£ 7° -5 -7 - £-20 u M. Anabaena 



1 o 



WO 95/18222 



PCT/JP94/02288 



variabilisCDyV ADN A £r 1 usAtl, GeneAmp PCR Kit (^Sfafe) 
Tfttt^tZo RfcOmmmmtt.. 95°C . 45°C (1#) . 72°C (2#) £ 

1 LT351J->f fJUfTtlstZo (BU 1 If* ? ;l>@©95°Cte L 

DNA£#l8L##rLrt:o aE3WJ## 6 t 8 Ic^snfc&SE^iJ^W?- 

190bp) ©DNAKf)i'i<iItt^>h:tLTfttlJSn.fco CODNA (J^T. 
des 9 var t ^ 9 ) ^©ffi^£Klenow7 5 ?V > h Tr^M L/cm. 
~ FpTZ18R (Pharmacia)©Sma I SBflllc? n U f^DNAy-.yvt 
- (Applied Biosystems) *ffll^-£*ft*EF!l«r8W£ Lfco »&ftfc«UliIE?ij*e- 

T^XCDX^TD-r ;U-CoA^^^n'fb^^<hWS^^In]'t4 ; $-^: L/c CffU U : des.. 
9 var KrM-AO- KtS7 ^ y <h v # xcDX-^T n C o A^fifrfttfb 

R% (MS CD 2) ©T S J &mn<D&M*:7F-fr} 0 

&ic s des 9 var Br^^^n — LT. Anacystis nidulans©$V AD.NA 
>##r L/Cc frlKPSiXho I , Pst I *5«fcT/BamH. I ®#4r*#|te-i?ffl^T. 
&j0.1#g ©Anacystis ni dulans© Y J A D N A ^rtUWr L . 0.8%T#n — x 
y;HM»fC D N A KJt >t £ # fit > /^o>^>yu> (Hybond-N + r 
Amersham) iz Zf a y 7- a >?*Ltz 0 ~f n — -f D N A teMul t ipr ime DNA labelling 
Kit(Amersham) £ffil^T [ a - 3 2 P ) -d CTPTj»»Lfco 6 xSSPE[l x 
SSPEtelOmMU >mmmm (PH7. O) , lmM BDTA, 0. 15M NaCl], 0. 2% SDSfc«t 
^'lOO/zg/ml- •> >ffi?DN A^b^S^4 , -e55°Cs 16B#lffl-f >*^<- •> a > 
LTyo-7DNAi> >yu>4Slt;$tfco ^©*&. > >:/ P >£• 2 x SSC 
( 1 xSSCfiO. 15M NaCl, 15mM^ J. >fki~ h U r> A) tfC^fi. 15#£ 2 [sk & 
l^TO. 1XSSC4 3 T?40°C. 15#£r 2 -p Ltgt^\ t-h7^t/77f- 

<£:tf^-o/co -e©*£m. i>-rn©*ijis»*"eu!iwf L/i«^t> i*©DNA»fM-© 

❖ *<tfctii<*ftrt: (^2i: H4»*' No nte^V AD N A*#JI8»*T?WWf LTU 

(Hife^J 2 ) des 9 var BfrJt £*S|ol't±©ii5 ^Anacystis ni dulansy J A cjn© d N 
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Anacystis nidulans R2-SPc (M1&*¥ttto1&&to¥W$lff\ & *) ftWk) <D*£ 
m&&V¥J ADNAO^SSii. Anabaena variabilis nm^VfU o *: 0 

ffil00ng<DY y ADN A£Sau3AIT£&#?gfl: Lfc*£. Molecular Cloning 2nd 
edi tion, pp. 2. 85-2. 87(Sambrook, J. et al.eds. ,Cold Spring Harbor Laboratory, 
1989) ©^tcfe -o v 3 ^i^^^ieT^OjS^^^gSJC J: 9 ^ £ 
23kbp©DNA®fK-^[HiKL/Co CtlSrBamH I £ Hindi I l-VVJ&r L /c 5 A y 7 r 

— { Js<t7 $ — X DASH Il(Stratagene) i;^D-z>^Lfctv Tr-^fi?!:^ 1 
•y >r — i> V^'LAnacystis nidulans©y y AD N A -f U — £*§fc 0 :©7 
r - ^^-r U -£*fl§KP2392 {C/g&£-fcK N Z Y Mi£ift£ Atltz\M.'&$] 

yu> (Hybond-N + ; Amersham) C^d 7 r ^ y^*U; 0 _LI20if if <t 
[sl^(c Ca- 32 PD dCTPT-^L/:des 9 var ifr^C©^ >7 U><!:5 

>&±m<DX? U -^>^'i|5] IT^MT^-lMf >##f U 7o-7DNAt^^7 
U ^-YX-rSDNASfr^cDg^ t^: (D •> V± J^m^it^l Ltz a -£©*SJil> X 5 
£ A 15© 2 ? u-V^'S&^v'^^l/^U £ /c-l' hDNA$rJt©:ft 
$ ^ tl-eni lfe cfc r>'i5kbp-e*> of:f;fegS<)©ORF £#^;frCD fc-|-# £ #J 
m U C©2^ P-y©^ >-tf- bDNAlco£Mlcg£o7^©$iJ|SI£^ L 

- ><h 5 kbp©D N AmKti<&&$ tltz<DT:^ Z. n^pBluescript SK- 
(Stratagene) ©Xho I ir << h \z\^r~f !? u - —is if Ls 1 5iA 154*ODNA 
BlfK-^^tL-en^tryvX i Fp5Xipl5X^i/; 0 p 5 Xi pl5X©fNffi£: 
$iJPgS^*fcEI£f1^i£3&L/c£ £ ktclsj— co?y ADN A^fM-^r^-trifiJ 
»r$nfc C^3I^:A5. A 15feJ:0*pl5X©-r >if- hDNAlff^-CDlgSM^ 

1 2 



4-3jr*-o mir*ttLt:&JSl&&x9 V --y y<DMmT~7a -7<Ddes 9 var tfJt 

•*<A>fyij^XLy;DNA»ffr4/Tto ^l^Eptides 9 nid C&izB) «D^« 

i-tr >xiacD^fS]^^^-o SBl^Eptides 9 nid *#t?^S«0 *> - *r v*©#ft 

*7fi-to 5, 1. 25*5 J; 0. 5kbp©#'<- tt£©#EI i:^mt'fX?-^ - £ g%f o 

$iJ|S_»*©BS^-*is B, BamHI ;H, Hindi 1 1 ;N, Not I ;Hp, Hpal ;RI, EcoRI ;RV, EcoRV; 

S, Sal I ;P, PstI ;X, Xhol^-^^ - ] e 

ftJISgSI^&S^tiExoIIIfwJiST^ »J - •> 3 >:X-5X 5 K^plSXJ: 

^•fWU des 9 var JBrJW'W ^ U ^ Xt ^ITO^fr&J 2 kbp©D N Air 
>r©^SK^J<£r^5tDNA ^-^r^i^-^ffl^T^L/c (IS 3 EI) o 

© D N AiUrK" 11 ! 3 {i834bp^ b^l»ORF (des 9 nid) ^i¥4l (E5»J#-f- 
3 ) . 278HS©T ^ K$*IT^5 <fc3f££ftfc (E3W-f- 4 ) „ 9t 

{ - $ a-— >^"'L^Anabaena variabilis fi^Odes 9 var %xfrfi<=i— KLTl 1 
5 7i;KE5>J (12?iJ#-f-2 ) <h©*SI°lttli*\j80%-e£> o fco $ £ t:, ^^fecfc 
^7?;KS?iJ©MV7 F (GENETYX; V7h-5i7HH) <h«K*5.£ 

tfr i ;mw.n®7 : -?'<-x (emb l^j:i>'dd b j) zm^^ffiwifeom 

4bffi^<t<Z>*S|nI'&J& < :£#"eti&J 3 0 ^Tf***<JS3rW{=*1!tliH^C £ 4 
El : des 9 nidi:^"^ *©X^T a )\>- C o A^tSfD^kSllft (MS CD 2 ) © 
T S yttEyiJOifclfc] StfiL/ides 9 nidtiflgJ»^£-^f&fttf!:-3-£I£^£ 
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tMMW 3 ] des 9 nidis.&^-cDj^mm-c-cDmm.iz ct 2>r£$k®i%. 

Anacystis nidulansti^fiSflHtlS* t L Tig Ltzmumtti&CD 9 

^^'fb-T'S A 9 fi:^l&fD'ft^^?gttL^fc^:^ (Bishop, D.G.et al., Plant 
Cell Physiol., 27:1593,1986) fc26. des 9 nid£< n - F £ # 'J ^:/f- K£ 

JlJtLfco IP"6>> ^ * - t LTpET3a(Novagen)fflU. ^cDNdel £ BamHlcDFelfc 
des 9 nid£T ^ / 3fc#ffiics£ff T i ;i^l^<£l>ffli: Lt^ u-^.>^^-^, 
d i^^T©<k^cLT}T«^/: 0 des9nid©^- y-fZ>$ > ? <Z> C^iffiM 
E^BamHIlr^ h£Aft£/c#>tc. C 2 Mflfr<Di£Sie?iJ£{£ T P 

-tr is 7.73 4-?- ; 5' -ACGTCATGGCCTGCAGT ("F&HliPstllr ^ h) (I£?iJ#-!f 9 ) 
7>f-b>^^7^7-;5' -CGCGGATCCTTAGTTGTTTGGAGACG ( 1 BamH I 1r 

<< k 2fi»iuh^3F» ra*ti 0) 

pl5X^r^Mi LT_blS© 2 o<D7 , 7-fv-^UTPCRSM^^<!:^ 1 
4 ObpOilJ^l^tlv Ctl^pUCigcDSmalgB&tc-y-^ a — — y?* LT^S 
E^JKfHil^Ott^ d t&feVS. Ltz a dCDfg|l»£>ftfc:/-5;* * KOBamHIcDT 
ftt<-(iEcoRlSfl&;0<£ U)/Co d n^EcoRI <b Pst I^JlllJCtUgff U — 3\ P15X&H 
^fiJPS^^-eiSir-r^difCcfcD. xh v?zi KvOit&JcBamHISIS&^agAL 
/Co C0^7X i K£SalIT-ejB?f L/cm. 4 SOdNTP^TTDNAtf U ^ 5 — tf 
Klenowgfrtf-^ffl^TFilll inSJS^T^.. 31 Hindi I IT*iZ]$r L tz 0 dtl 

JCNdeIg&ft£^AL7to in*>. 

5' -CATATGACCCTTGCTATCCGACCCA (T^(iNdel) (@EJiJ#-5§- 1 1) 

5' -AGCTTGGGTCGGATAGCAAGGGTCATATG ( 1 S^iNdell^ K 2 fi&KiHindl 1 1 CD 

— nP) (E?ijf f 1 2) 

^ftiUl^LTy^^-iLfco J£(_b©=fc -5 ic LT\ti5fctz7 3 X ^ K ( 
pDes9Nde) (Molecular cloning pp. 250-251; 1982) iZ'&^-cm&Ltz 

*fl§M&BL21(DE3) (Novagen)© n > tr > h -tr ;Wc2gA U T > \z •> V 
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ICfcSagiJICfc^KfcSltfcB LDE S 1 zmzo 

B L D E S 1 S.^pET3aCD«^^W-r SBL21tt ( B L 1 ) £ 100ml OM9^it& ( 
200 ^g/mlCDT > b° U >, 4 mg/ml ^OUa— 10//M FeC13, 0. 5 // g/ml b'' 
* ^ >B1, 1 mg/ml* if 5 CgtL> 3 7 0 C-e^*Lfc 0 

S3JK*<. M^600nm^0. 50. D. {C^^ ^T-^S^^Cj-Zc^^ -< V \£j\,?-*if 
5 * h "> F(IPTG)£ft**Z»Jg 1 mMiCte 6 J: -3 (c*n^.fc 0 ^{C 1 BtH^g U A 9 

^mu^mmmB^o^m.^mm ttz 0 mvLLtz^mm^is ? h ^1. 2% Naci 

-Z8c-otz'&, mM^tbihLtZo fl&KteBlighc!:DyerCD;2r& (Can J. Biochem. 
Physiol., 37: 911, 1959) {C^-pTffltiiL. 2. 5 ml© 5 * J 

£&£Mt LT85°C 2 mm*KJ&2-&ftilfi®iZ* rWtttZo & CfclBI&BM tVI/ 

«y?C-R7A plus (ft^fFfift) ^m^tZo &$k%:fc<Dm I *tlZ7jk-f 0 
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B L 1 (0 B^H) 
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2 0 


2 9 
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5 0 


1 7 
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4 4 
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4 0 
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(9) &£j&U des 9 nid j&O- K^S # U K(i 1 6 : 0 1*^9 "Cft < 



WO 95/18222 PCT/JP94/02288 

CHJfefllO des 9 nidm&=f-<D?'<=ife®}#.'^<Dm>A 
Anacystis nidulansfi^Odes 9 nidit&^£&0 <fc r> lc LT ? '< =i 

( 1 ) IMffl^^-^X; F<D&m 

pDes9Nde^SacIiSalIT^^^^*«-cfc t)M^#®-Kra&-e^*n/cdes9 
• nida^^Wf-M-^^btiSo — i> KSORuBisCOite^^t;* o-> 
,pSNIP9 (Schreicher £>s EMBO J. 4,25(1985)) & jfc*$#^<Z> transi tE^iJ* 
HindIIIiSphI-e«?) fcbS U *tlt M — ®*iJIB»*"et!J»r L /cpUC118lc ? n - — 
d tic J; *K transitEJUOT^Icv;^? h^^-^S 
K (pTRA3) £#/c„ C ©Hindi 1 1 if h £tO»r»Klenow**T?Fi 1 1 
inLXbal U ^ti—^^tltz (pTRA3X) 0 Z<DZ^3 7. I KpTRA3X£rSal ItSac 
IT?«Wf $ # ic|5] — cD$iJI5g^^T-tUSff^-?)*l- J: oT^fcdes 9 niditfe^ 
*fM-^#AL/c (pTRA3Xdes9) « = KTtiRuBi sCO© transi tBBJiJ lc 

*ntl^ — OBg*#-?des9 nidae?*<aiR$nSo dtl^-Sac I 
tXba n?Vjm LXfclz&^< zmVvmcD^? ^-icjfAt^o m®¥£%im'<* ± 
'J -y-5X $ KpBI121(Clonetech)**iJPS*3RSacI<>:XbaI"e-W»f 
$ KpBI(-GUS)(i/3-Glucuronidaseit{E : F (GUSitfc^ 1 ) ^^A/-e*J t>"T. Ctl 
'J 7 5 7- ^fW^'>^ ;l/X0 35S7°a^-^- £ y /< >j >-£j&g£^ ( 

nos) ?-$*-?-<Dri\^m&LizmAm.&3 L &nA-fz>z±iz&r), 

(DmAm^? ? - ( P BI121(-GUS)Rbsc-des9) £#/c 0 

( 2 ) pBI121(-GUS)Rbsc-des9©T^'D'<^ V ^A^A 
Agrobacterium tumefaciens LBA4404 (Clonetech)^-50mlOYEB^i|6 (1 l^tz 
?) t"-7x + 75g^ ISi + Xlg, ^7h>lg, y a H 5 g, 2raM 
MgS04(pH7. 4)) IctlL, 28°CTf-24B$F E Sigftm. i&#&£3, OOOrpnk 4 °C. 20# 
Ol^-e*ILfco lOmlOl mM Hepes-K0H(pH7. 4)T 3 [Hl^o/cm. 3 

mICDIOX?' U -fe o 1 l3iSfc^ N S*£&*JIC 3 mlcDlOX^* U -tr n — /HcRSB L 

C ©J: 9 IC LT^/cM?S50// lS.O'fjie©^'^ X $ KpBI121(-GUS)Rbsc-des9 
1 g^r* ^ ^ v b ic Atlv iL/^ h n # U— •> h (Gene Pulser; 
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BioRad) ^ffl^T 25#F. 2500V. 200Q O^frT'I^^;^^^^, 7*5 
X; KDN A&Tyus<?7- V V Aj;|ALfco C ©S&£jr. . y ^ > f- * 
-7* (dig U 800// lO S0C^4& (1 <9 h U 7° h > 20 g. BH3.X. 4=-X 5 " 

g. NaCl 0.5 g, 2.5 mM KCK 10 mM MgS04, 10 mM MgC12, 20 mM fjVzi-x^ 
pH7. 0) 28°CT- 1. 5^^#B^* L tz 0 COMfg 50^1^-, 100 

->>^^ti- YEBS^i&ift 1.2%) ±{C^g s 28°CT 2 B 

St^7X; KDNA^iHL/:= :®^7X; KD N A£«£tt*||BIMre?fi 
4t'&, 1 %7^n-xy*;HMacll:i; «9 DNA»rJt£#ffltU 32PT^^>'UL 

pBI121(-GUS)Rbsc-des9£r#A,-e^ & C £ 5f IS L 0 C ©Agrobacterium 
tumefaciens^-ALBBSDESi^^o 
(3) ^^-^cD^H^gl 

JtfSCDStfcALBBSDES^ 50ppm©77 is >£^tj , LB?&#:ig*ii2T J 28 0 C\ 2 B# 

P^i -p^«L7-Co ^«1.5ml^ lO.OOOrpm. 3 7)f B li^LtII^ ii±^ 
4 •> >^G& < fc26lC 1 mlOLB^itfe-e^fe^ L/c 0 MidO, OOOrpnu 3 ^-PhI^^ L"C 

i. 5 mKDiBigmmmmLmmmm&t ttz 0 

?#?g(cio^-p B i2i-ti-$^. ^^7X^3 [Higfei^ Me^^o^^±-e7K^«^rs^ 
fflcDStL/: 0 cicS^ 1 1 cm 2 i:^5J;^:>x^iBS*ii:MU ±IS 

- Urt©MS-B5ig*& ('O S^UTx — >1. 0 ppnk ±7 ? V VfF^ 0.1 ppnu R 
t>*^^ 0.8 ( Murashige, T. and Skoog, F. Plant Physiol., 15: 

473, (1962)) ±{C N 9 *y h "7 > No. ( 0 7. 0 cm) COj^^JC 

a^llCLTl^l^/Co •>t-U^^ , 7 7-f^AT->-/H, 16B^p B ^B^ x 8 

&f?3s§<Dmm-e 25°c. 2 an^iL/co 01^^57*5 > 250 ppm^^t; 

MS-B5i^i-tfe±{C^ L. [n]j§iC 10H fal^S LT7 ^'d^< ^ f V r7A£-|$£^|^/- 0 
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Si-:? ^ 7 * 5 > 250 ppmRtf^^^'T •> > 100 ppm^i; MS-BSJgitLticEtf; 

£i;/c 0 Sf- lOBFUmft^ #5ML/c->^- h^^57*5 V 250 ppmS.J>**' 
^■7-r*>> 100 ppm^-^t: MS-HFig*t& (Oyyl/Tf-^^?^^^^ 
MS-B5ig*tfc) {CS^L/Co 10SF H ^#^> L tz •> ^. - h ±^ 
< << •> VM^<Ol&%M J 8k i &k. Lx ■/7>h*'-v^^rt0^77t7>' 250 Ppm£^- 
■ t? MS-HFigfifcfC^lf Lfco 

CH»*j 5) ^Sfe^^A-aoy; A if If >&r>v - If >##t 

fcbU ifif >£.tfV -if yftffi^n^tzo ¥ J AD N A<DttfcB&teC T A B&Tr 
J3£# (Rogers, S. 0. & Bendich, A. J. ; Plant Molecular Biology Manual A6; 
1(1988)) (CtcTft^^fco fin*.. 2 gC^^'30l«#iirt»U 
CTABitiiifjS'eyyADNA^fco 1 0 # gODN A ^$iJPS^^EcoRI 
iXbalTr#J$f|£0. 7H7^D-7y";^iM»ft U ^©^^n>jg| (Hybond 
N+; Amersham) (CO. 4 N NaOfHrii^Lfco C ©Mid pTRA3Xdes9;0Mi trans i ttt 

^T^o/co ^mtyT-VVl*r*i'Tymz&Z > %ji&*ftU^ (Nagy, F. 

: Plant Molecular Biology Manual B4; 1 (1988)) > poly(A)+RNA£r*A/A 
TA-rfc K A <0 <D T if o - X ? /U-^m^l^cS&ms n>JK (Hybond N; 

Amersham) f:g¥L^ if if <!: H^©^-T 7U *V -fer - 3 > (C <£ «9 Ltz Q 
M*<DM<DRN A&¥&mLT\<^2>m#i)<£>^tz7b<, t<D^t>^hWmM,(D^mW 

iCO^TJ3£K##r£fT# o tZo 

HiteCT 5 TrRN A©^^^*<5tlS^n/c^^'=3jgKfe^^. &.0'2*H£<b It 
pBl^lT-^Kfe^Lfc^^'^©^^^. J^TOTj&iCj; «9 T^i>;l/^*'J -fer 

n-yu (PG) . #is)VV>T is^W -teu-jV (SQDG) ^©li 

l 8 
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(1) ±j&'«©ffitti 

J^K©*fili}teBligh-Dyer& (Can J. Biochem. Physiol., 37: 911, 1959) ~C 
ftti^fzo 1112 gCDM {-W>OWt$:W&t-tZ>t%\i$ 1 g) £y x-eawu 
i CtLfC20 ml©* n P*;l/ A • * 5 J (1:2. ^Stifc) £Jo*^ 

\^1f--eS<&«S#^s 15#IS!#»L;fco :n(:)on^ 12mis.O'^@7K 
12ml &]]n?L®tL<m-&Ltz'&, 3000rpm . 4 °C> 30^m<DM^X'7kM t^WkM 

© 2 ji^tf. mmm (Ti) &®w.Ltz 0 ctuzm^m®^? ; -jv&jjQjL-z:, 

x) Lz-^-^rffll^ 30°C^£ETT^j^^^^/-Co Ctl* 2 ml© 

^oo*;VA : **J-Jl< (1 : 4. #SfJt) i:»^L, ^rJJIgJStb^i L/io 

c©-s&£- 5 %* * j - ji'&mmzm^xw.&cDjj&izi: t&m-t z c tx-, y 
?-Mimffim*ntz 0 

( 2 ) mm&ftw 

DEAE-Toyopearl 650C ($V-) ©SRiB&2. 5ml & 1 Mgfcg?^ h 'J -5 AyK^ffc 

(pH7.o>25 mitma&wtmtLtzo- zti&, mm?k, y ? ; - frxmfc&t&L. 

lit: y ^;-;H:i/§LT, rt@2 cm©*7 -5 Aicffi $ 1. 5cm£ -T?f£#>. JgK: 
50 ml©* do*;PA : y 9 J - )\> (1:4. WfflSL) X'&cftLtZo 

±mMi&&y>lZ:*> 5 .MC^tf. 50 ml©* dd*;I/A : y *y - JV ( 
1:4. #8tJt) X^JiS^i7 h '>*i?T ^JWV -tzv-Jb (MGDG) v 
^* h Wl^T Wl/**V -tr n— ;l/ (DGDG) . r i^l/^* y —JIT 

y (PE) ,^7rf^3 U > (PC) ^ttiLT. ^ttSiS (MGDG. 
DGDG. PE. PC) I^tlfco ftf:5ml©Slt*X7 7f ^^Vt'J > 
(PS) LTI&#. 20ml©* : y * y (1:4. #iRJt) 

Tl^^&^Lfc^. 50 ml©* dd^;I/A : y * y : 10 MffiF^T 
A 7 X^^ (20:80:0.2. #fc±fc) TPG. SQDG. 7 r i^l^T y h - 
^ (PI) £-#iri!#£-?#*:o C©®^(c I5mi©i* y -;u^*ox.. ^jETt? 
7tg££l&Wco cn£0. 2ml©* n o*;Ui* : y * y ( 2 : 1. flefilJfc) J- 
KtefliK (PG. SQDG. PI) Wftt Ltz 0 

1 9 
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MGDGx DGDG. PE. PCI^Ii, *r <4 Wt> 5 1* ? o v r- >T3 y ^ - 

(4 : 1) . 7*r->. y * J -^TJH^^tBf -5 ttH&S (MGD 
G. DGDG) (*T-trh>T> U >M (PCs PE) tiy * y -^T'^tt}$tL 

(3) 11^7^77^ - (TLC) (w^^PGOJIiNillfii^lfel^K^ 
(2) T»feM^*->U*yyU-TLCri/- M5721 (Merck) Tr^ML^o 
M^S^iSi LTtis KTOO^I^DDtJl/A : 7-b h > : y ? J - JV : ft= 
1? : 7k (50:20:10:15:5^ #3gJt) * N *#fl&5f ©J#£-fi ^ n o : y^y 

-Jl> : 7^(70:21:3. #«J£)£ffl ^ /c c TLCT^gt^ 7*U'J> (80%7t 

5£l£^lc3 ml©y ^ y -yl/tt 5 %mm^:1]D^., 7Z±mmT85°C-? 2 Bffy^^jft 
M®?y ^WfcL-Ttc — sn-1, 2 r £©J^j3m«£#ia6 
H'J *0 o > U # y t> 5 m 1 © ^ □ o : y ^ y _ yi, ( 2 : i) ^ 

^•^flgK^-lHlitX L> ^IL/:I, 1 mlcD50 mM TrisCl (pH 7. 2)&tf0. 05 X 
Triton X-100 StL < ft& L £#ffc $ tfT. * -e y x * t* ( 

Rhizopus delemar) £3fe© U ^'--tr ( 2 5 0 0 U ; 'J >77*-*±) &jjQjL 3 7 
°C7?3 O^Fal^-TSCiiCj: ^tRftlc s n- 1 - 
OSfDli^Iits TLC (i7 dd^^A : T-fe h > : y ^y : : 7 J< 
= 10:4:2:3: 1 ) (C«k & *KJfc©J&|f. 'J'/ft, S^a&fl&KJC^Jft L/c Q 
yyl/^ t>0iR LMi&© J; ? (cy ^ y -;u<&±*g£-?y 5^WfcJ^JKj&£-*#/;: 0 

^*LX2i*iL/co ig«&»y ^yi/©»^fjcti N ^^D7h^7-f-%ffl^ 0 

n^- hys-- y ?C-R7A plus (S*S^fF^r) £fflWc G £J&K 2 ^ N PGIC 
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18:0 


18:1 


18:2 
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16:0 


16:lt 


16:1c 


18:0 


18:1 


18:2 


18:3 


216:0+18:0+16:lt 
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11^^ 
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15 


55 



WO 95/18222 



PCT/JP94/02288 





fit 423 


16:0 


16:1 


16:2 


16:3 


18:0 


18:1 


18:2 


18:3 


216:0+18:0 


SODG 

Vj tjf 1/ vj 




51 


1 


0 


0 


3 


2 


7 


36 


54 




/ «>^v ^rJ-*> 


36 


22 


0 


0 


0 


4 


9 


28 


36 


MGDG 


X* J * \ \ v 1 I— — . IXJ I I 


7 


0 


1 


9 


1 


2 


4 


76 , 
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3 


9 


• 1 


10 


0 


1 


5 


69 


3 


'dgdg 




19 


0 


0 


0 


3 


1 


4 


73 


22 






9 


13 


0 


1 


0 


1 


5 


70 


9 


PC 




28 


0 


0 


0 


5 


1 


21 


44 


33 






19 


12 


0 


0 


3 


4 


40 


23 


22 


PB 




20 


0 


0 


0 


3 


1 


6 


70 


23 j 






18 


10 


0 


0 


2 


2 


31 


38 


20 i 


PI 




48 


1 


0 


0 


2 


1 


11 


37 


50 | 






44 


7 


0 


0 


1 


2 


18 


28 


45 



PGKi&£LfcJBtett#W©*£*a ,k £K Anacystis ni dulansS3fe©l|gflfr&;Ffi& 

mhwmz^Lx^zmnifc&f't^T'fc i 6 : o a<*«tc 

^CD^frOt-l 6 : 1 c i s "CI* 5 <k £ fc. ^M^Eo/cl 8 : 0 

t> {5 1 /u i?m < K> . iBl-l 8 : 1 $<it;LT^Sl*3 £ £*<#JHjJ L-fco -^©^m. 
ISfDflgflSlf (1 6:0 + 16 :'l t rans + 1 8 : 0 (X-rT V >&) ) #M 
(4s *tJB© = 7 0 %T4>acD(c5t U ^mmtW%<Di&B=P%: : BW&& 
LtL*'<=n?ii 5 5 %t^L < i£< «oT^5o PGOsn-K 2{£giJ©##r 
s n - 2 (4 9 8 %£X±mumtt]M ( 1 6 : OXli 1 6 : 1 t r a n 
s) Tifcbntfc^ mtzlzltfc?mAlz£iOtkf&Ltz l 6 : llit^Tsn 

/OOPGOs n - 1 &©&f0l!&ffi&®E(i««>-C£i>£: < <£oW5C t*<W6>*^ 
tt-oTs sn-1. 2M&*IC fi&ftU!&lfc®^&J5fc5. BrfPK IS^D^^a 



WO 95/18222 



PCT/JP94/02288 



— *©flfc©J!BJt©MGDG. DGDG, SQDG, PC. PE. PITt», 
.1 6 : 0Oi'J>i> ^fttCPfjSL/cl 6 : 1 CD 1 0 %Stj^©liin^HJ £^T'#> > 
£/c. 1 8 : 0 CD^ftHbkatA/TWCo CCD9*>. MGDGiDGDGI-o^' 
Tfi 16:1 Oi^ttii LTsn-1 &lc&o/c;6^ s n - 2 b'J>m& 
thZtltzo MGDG> DGDG. S Q D GSlQ' P G 3J3£« 
iT'^^v ^ >^-?$> 3 Anacystis nidulansO^FISfn'fb^^^ffi^lt^CDm^T 

Ctlt>© 4 S©J3^S«Anacystis nidulanscDJ^fC <9 . ^IS 

frHbcDSSf -zsm&teMfr-o tzTb<, ^n^^-opc, pe25.o*pi« 

Anacystis nidulansCDj^icte^ L*i l^lg-eafe <9 . &i^Mg-e«±JC^ 
^^^(c^^t-^^K^ab^ c <h^t>. ^-n^icfc^-r k'<ji<~ ^>m, Rtfx 

f7'J >i£tf<^g&fa4b 2tltz<DteM<'<g Z. 0 

CCD.J; 9 }c N ^®e^^^'=3©JliK^tff©M^^t». Anacystis nidulansS* 

i:^T©IIS(D 1 6 : Oil 8 : 0 £@*6T5»Jl < ^ftHb"? £ £ C <!: 





16:0 


16:1 


16:2 


16:3 


18:0 


18:1 


18:2 


18:3 
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Z(DnSkfr&. Anacystis nidulansi*©I&l»K^fl&ffi-fk»*« H HC^C 
ii^x I®^t.f18(:*l^U 6 : Oil 8 : 0 cD^fi&fiMfc^fcliifc L d <h 
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•fZ Z £iz<i: ^fcitftOtt^^riSPKLfco ^O— t7>f •> > 800 ppm£# 
t? MS-HFigifttClf 2 5°C\ 1 6 Bffcm 8 ^KJH&© BST 2 fflHifelSlfeC* 

IC4iirJl!tt#Lyto n>hn— ;U<tLT> pBI121ic «k t) LtzMW 

4 4> i 7? 1 IB L tz'&, 2 5 0 CT-- 2 B L /Co 

3>hD-;Mfi$J (pBI121{Cct »5JBjltlE»Lfcatt) 7?(i£K*fLT 



WO 95/18222 



PCT/JP94/02288 



mjm^- : i 

BE^JOS$' : 1 9 6 

mom. ■. 

\E?U®99I : Genomic DNA 

: Anabaena variabilis 
: I AM M-3 

I£?|J : • 
GCT CTG GGG TTG TTG CTG TTA TAT CTA GGC GGG TGG TCT TTT GTG GTC TGG 
GGA GTT TTC TTT CGC ATC GTT TGG GTT TAC CAC TGT ACT TGG TTG GTA AAC 
AGC GCT ACC CAT AAG TTT GGC TAC CGC ACC TAT GAT GCT GGT GAC AGA TCC 
ACT AAC TGT TGG TGG GTA GCT GTC CTA GTG TTT GGT GAA GGT T 

EJiJS-f - : 2 

mm<?>&£ : 6 5 

^M^i : Anabaena variabilis 
l*jg : I AM M-3 

Ala Leu Gly Leu Leu Leu Leu Tyr Leu Gly Gly Trp Ser Phe Val Val Trp 
Gly Val Phe Phe Arg He Val Trp Val Tyr His Cys Thr Trp Leu Val Asn Ser 
Ala Thr His Lys Phe Gly Tyr Arg Thr Tyr Asp Ala Gly Asp Arg Ser Thr Asn 
Cys Trp Trp Val Ala Val Leu Val Phe Gly Glu Gly 
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WMtt : 3 
lE^iJCDS^ : 8 3 7 

lE^'JOS^I : Genomic DNA 

: Anacystis nidulans 
: R2-SPC 

I£?|J : 



ATG 


ACC 


CTT 


GCT 


ATC 


CGA 


CCC 


AAG 


TTC 


ATG 


GTC 


GCC 


ATT 


CAC 


ATT 


GGA 


TTT 


AAC 


TGG 


CCC 


GCT 


GTG 


GGC 


GTG 


TGT 


TTT 


GGC 


ATC 


ACC 


CTA 


GGC 


TGG 


GAA 


GTT 


CCC 


AAA 


TGG 


CTG 


GAA 


TAC 


ATG 


CAG 


CAC 


GGC 


CCG 


ATC 


GAA 


TGG 


CAC 


TCT 


GAC 


CAA 


GAT 


GTC 


GAT 


CAC 


AGT 


CAC 


TTC 


CTG 


TGG 


ATG 


ATC 


TAC 


AAG 


TTC 


ACG 


CGC 


GAT ATC 


GCT 


GGC 


TAT 


TTC 


TTC 


GGT 


GTC 


CAA 


GTC 


CTA 


GAG 


GCT 


TGG 


GTT 


GGC 


AAT 


GGC 


TGG 


CGC 


TTG 


GTG 


GTG 


GTC 


TAC 


CAC 


GTC 


AAG 


TTT 


GGC 


TAC 


CGC 


TCC 


CAT 


GAG 


TGG 


GTT 


GCC 


CTT 


CTG 


GCC 


TTT 


GGT 


TAC 


CAG 


TAC 


TCG 


GCA 


CGT 


CAT 


GGC 


TGG 


TTG 


ATC 


ATC 


TGC 


GGC 


CTG 


AAG 


GTG 


GCG 


TCT 


CCA 


AAC 


AAC 


TAA 





CTT GCC 


TTC 


AAC 


TGG 


CCG ACC 


GCC 


CTG 


GCA 


CTG 


TTA 


GCG 


TTC 


CTG CCG 


GCC 


AAC 


ATG 


GTT 


GCG 


CTG 


TAT 


TAC ATT 


ACC 


GGT 


CAC 


CGG 


CTA 


ATT 


TCG 


CAC CGT 


AGC 


TTT 


GTG 


CTG 


GTG 


TTC 


TGT 


GGC ACC 


TTG 


GCC 


ATC 


GGT 


CTG 


CAC 


CGC 


CAC CAT 


CAC 


CTC 


CAC 


GAC 


TCC 


AAC 


AAG 


GGT TTC 


CTC 


TGG 


GAA ATT 


CCG 


GCC 


CGT 


ACG GAA 


GTA 


GAC 


GAC 


CCT 


GTC 


TAT 


CGC 


TTC TTT 


AAC 


AAA 


CTG 


GGG 


GTA 


CTT 


TTG 


TAC GCC 


TGG 


GGC 


TCT TTC 


GTC 


GTT 


TGG 


GGG ATC 


TTC 


GCC 


ACT 


TGG 


CTG 


GTG 


AAC 


AGT GCT 


ACC 


CAC 


TCT 


GGC 


GAC 


CAG 


TCC 


ACC AAC 


TGC 


TGG 


GAA 


GGC 


TGG. 


CAC 


AAC 


AAC CAC 


CAC 


GCC 


CTG 


CAG 


TGG 


TGG 


GAA 


TTT GAC 


TTG 


ACT 


AAG 


GTG 


GGT 


CTG 


GCT 


CGC AAG 


ATC 


AAA 
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I2?iJ#-t : 4 
E?iJ<Z)g$ : 2 7 8 

£$U£i : Anacystis nidulans 





R2- 


-SPc 
























Mpt Thr 

rtJC L 1 111 


] pii 

L/C U 


Ala 


1 1 e Are 

ill* ni ft 


Pro 


Lys 


Leu 


Mpt Val 


Ala 


1 le 
lit 


His He 


Gly 


Ala 


Leu 


Trn Prn 
lip r i u 


Ala 
r\ i d 


Val 


Glv Val 


Met 


Val 


Ala 


lip Thr 

11C 1 111 


I pit 


Gl v 

u i y 


TrD His 

Up 11 1 o 


Arg 


Leu 


He 


Trp Leu 


Glu 


Tyr 


Val Leu 


val 


Phe 


Cys 


He Glu 


Trp 


He 


Gly Leu 


His 


Arg His 


Asp His 


His 


Asp 


Ser Asn 


Lys 


Gly Phe 


Tyr Glu 


He 


Pro 


Ala Arg 


Thr 


Glu 


Val 


Asp Pro 


Val 


Tyr 


Arg Phe 


Phe 


Asn 


Lys 


Gly Val 


Leu 


Leu 


Tyr Ala 


Trp 


Gly 


Glu 


Val Val 


Trp 


Gly 


He Phe 


Ala 


Arg 


Leu 


Val Asn 


Ser 


Ala 


Thr His 


Lys 


Phe 


Gly 


Ser Thr 


Asn 


Cys 


Trp Trp 


Val 


Ala 


Leu 


Asn His 


His 


Ala 


Tyr Gin 


Tyr 


Ser 


Ala 


Asp Leu 


Thr 


Trp 


Leu He 


lie 


Cys 


Gly 


lie Lys 


Val 


Ala 


Ser Pro 


Asn 


Asn 
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Ala Phe Asn 


Trp 


Pro 


Thr 


Ala 


Leu Phe 


Leu Ala rne 


Leu 


Pro 


Ala 


Asn 


Phe Asn 


Leu Tyr Tyr 


He 


Thr 


Gly 


Cys 


Phe Gly 


Ser His Arg 


Ser 


Phe 


Glu 


Val 


Pro Lys 


Gly Thr Leu 


Ala 


Met 


Gin 


His 


Gly Pro 


His His Leu 


His 


Ser Asp 


Gin 


Asp Val 


Leu Trp Ser 


His 


Phe 


Leu 


Trp 


Met He 


Asp Lys Phe 


Thr 


Arg Asp 


He 


Ala Gly 


Tyr Phe Phe 


Gly 


Val 


Gin 


Val 


Leu Leu 


Ala Trp Val 


Gly 


Asn 


Gly 


Trp 


Ser Phe 


Val Val Val 


Tyr 


His 


Val 


Thr 


Trp Leu 


Tyr Arg Ser 


His 


Glu 


Ser 


Gly 


Asp Gin 


Leu Ala Phe 


Gly 


Glu 


Gly 


Trp 


His Asn 


Arg His Gly 


Leu 


Gin Trp 


Trp 


Glu Phe 


Leu Lys Lys 


Val 


Gly 


Leu 


Ala 


Arg Lys 
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ATGACAATTG CTACTTCA 

• mym^r : 6 

SS?iJ©g£ : 1 5 

mam. : -*« 

sejij : 

GCTCTGGGGT TGTTG 
gE?iJCDg£ : 1 5 

mom. : -*m 

IE?iJ©TO : ^i&DNA 

le^ij : 

CAACAACCCC AGAGC 

E?'J#-t : 8 
BE^iJOS* : 1 8 

2 8 
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mn : 

RTGRTGRTTR TTRTGCCA 
S2?i]#4§- : 9 

ACGTCATGGC CTGCAGT 
: 1 0 

mnoM:^ : 2 6 

m<D& ■■ — 

h # p y - : EiW 
SS^iJ : 

CGCGGATCCT TAGTTGTTTG GAGACG 

WSffil&^r : 1 1 
I£?iJ©ft£ : 2 5 

: 

E?lJ©«3S : ffe©&®? £rJ&DNA 

2 9 
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CATATGACCC TTGCTATCCG ACCCA 



m^m^r : 1 2 
mn<D&$ : 2 9 

AGCTTGGGTC GGATAGCAAG GGTCATATG 
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» ^ <d m m 

— fiP*^t?# U?^l/tf K*<*A3ttfc*4ai»lMlo 

7. i*^©iEfflm 1 iit^mb 3 iio^-rn^oigistioit^x^^^ite^cD 



3 1 
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mi 



10 20 30 40 . 50 60 

des9var ALGLLLLYLG6WSFVVWGYFFR I VWVYHCTWLVNSATHKF6YRTYDA6DRSTNCWWVAVL 

ms CD 2 L V PWYCW6 ETFVNSLCVSTF L R Y AWL N ATWL VNS AAHL Y6Y R P YDKN I SSREN I LVSMG 

240 250 260 270 280 290 



des9var 
MSCD2 



VFGEG 

:x 

AVGER 



1/5 
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m 2 



(kbp) 




2/5 
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d e s 9 n i d 
MSCD2 

de$9nid 
MS CD 2 

des9nid 
MSCD2 

MSCD2 
MSCD2 

d e s 9 n i d 
MSCD2 



10 20 30 40 50 60 

MTLA I RP K LAF NWP.T AL FMVA I H I GAL LAF L P AN FNWP AV6VMVAL YY I TGCFG I TLGWH 



x::. 



DDEGPPPKLEYVWRH t I LMALLHLGALYG I TLVPSCUYTCLF AYLYYV I SALG I TAGAH 
60 70 80 90 100 110 

70 SO 90 100 110 120 

RL I SHRSF EVPKWL E YVL VF C G T L AMOH6 P I EWI G LHRHHHLHS DQDVDHHDS N KG F LWS 



RLW5HRTYKARLPLRLFL 1 1 ANTMAF QNDVYEWARDHRAHHKF S ETHADP HNS RRG F FFS 
1 2 0 1 30 HO ISO 160 170 

130 140 150 160 170 

HFLW-MI YE I PA-RTEVDKFTRD I AGDPVYRFFNKYFFGVQVLlGVltYAWG EAWVGNGW 

v * ** *' * ■ • *' 

A »■ •••»••* • •••• ■ ■ ««•• • • 

HVGWL L VRKHP AVK EKGGKLDMSOLKAE KL VMFQR R YY 1CP DLL LMC FVLP TL VPWYCWG E 
180 190 200 210 220 230 

180 190 200 '210 220 230 

SFV VWG I FARLVVVYHVTWLVNSATHKFGYRSHESGDQSTNCWWVALLAFGEGWHNN 



T F VNS LCVSTFL R YAVVLNATWLVNSAAHL YGYRP YDKN I SSREN I LVSMGAVG ERFHNY 
240 250 260 270 280 290 

240 • 250 280 270 
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